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SPECIFICATION 

[Title of the Inventions] METHOD OF PREPARING SOLUTION HAVING 
COMPOSITION OF BIOLOGICAL COMPONENTS 
[Field of the Inventions] 

The inventions relate to a method and an apparatus of 
preparing a solution containing biological components, 
particularly a solution containing biological components with 
changed composition obtained by isolating biological molecules 
of such as proteins extracted from human serum, urine, or the 
like. Specially, the invention relates to a method and an 
apparatus of a solution of biological components with changed 
composition by removing components inhibiting detection of trace 
components, particularly removing proteins with high molecular 
weights for a purpose to carry out clinical proteome analysis 
[Background of the Art] 

Recently, proteome analysis research.proteomics.has begun 
to draw attention as . postgenome research. Since it is a very 
likely supposition that proteins, gene products, are more 
directly linked with syndromes of diseases than gene, it has been 
highly expected that research findings and achievements of 
proteome analysis of thoroughly investigating proteins can 
widely be applicable for diagnosis and medical care. Moreover, 
it is highly possible to find many proteins causing diseases and 
factors relevant to diseases, which cannot be found by genome 
analysis . 

High speed structural analysis is made possible by MS (mass 
spectrometer) and technically it has greatly contributed to rapid 
advancement of proteome analysis and practical application of 
MALDI -TOF-MS (matrix assisted laser desorption ionization 
time-of -flight mass spectrometry) has enabled 

ultramicroanalysis of polypeptides to be performed at a high 
throughput, and that makes it possible to identify even trace 
proteins which have not be detected conventionally and 
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accordingly becomes a powerful tool for searching factors 
relevant to diseases. 

The first purpose of clinical application of the proteome 
analysis is to find biomarker proteins induced or eliminated by 
diseases. The biomarker behaves in relation to symptoms of 
diseases, so that it is can be a marker for diagnosis and also 
highly possibly becomes a target for producing pharmaceuticals. 
That is, since the findings and achievements of proteome analysis 
are highly possibly applicable to find a diagnosis marker and 
a target for producing pharmaceuticals rather than specif ied gene , 
it can be said that proteome analysis becomes a key technology 
for diagnosis and medical care in the postgenome age and since 
the identified biomarker directly brings profits to patients, 
that is, evaluation of response to the pharmaceuticals and 
expectation of side effect development, it can be said that this 
technique plays an important role to promote so-called 
tailor-made medical care. 

In the case proteome analysis is to be introduced in 
clinical researches, it is required to quickly and reliably 
analyze a large number of samples and moreover, since each 
clinical sample is slight in the amount and very precious, it 
is required to carry out the high resolution, high sensitivity, 
and highly functional measurement. Mass spectrometry has 
considerably propelled the analysis and the characteristics of 
mass spectrometers, that is, high sensitivity and high throughput 
have greatly contributed to the analysis . However, although the 
techniques and appliances have been improved swiftly, the present 
situation is not yet ready to simply and quickly carry out proteome 
analysis in a clinical field. 

One of the causes is attributed to pretreatment of clinical 
samples . It is needed to carry out fractionate and refine proteins 
of a clinical sample as treatment before mass analysis and the 
treatment still takes several days and the operation of the 
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pretreatment is complicated and requires experiences and skills 
and that becomes a high obstacle against the clinical application . 
If diagnosis of a disease in the entire body and the symptom control 
are made possible with a small amount of blood and body fluid, 
it is remarkably useful, however, there are many challenging 
subjects to overcome due to the variation of proteins contained 
in blood plasma. 

It is assumed that there are 100, 000 or more kinds of human 
proteins and about 10,000 kinds of proteins are contained in 
serums and the concentration of the total proteins in the serums 
is about 60 to 80 mg/mL . The proteins contained in a human serum 
are albumin (molecular weight: 66 kDa) , immunoglobulin (150 to 
190 kDa) , transferrin (80 kDa) , haptoglobin (>85 kDa) , and 
lipoprotein (several lOOkDa) and all of them exist respectively 
in an amount exceeding 1 mg/mL. On the other hand, many of 
physiological active proteins such as peptide hormones, 
interleukin, and cytokine regarded to be biomarkers of symptoms 
and factors relevant to diseases exist in a trace lower than 
1 ng/mL and the contents are no more than nano to pico level as 
compared those of the high content components with high molecular 
weights. In terms of the size of proteins, 70% or less in all 
kinds of proteins have a molecular weight of 60, 000.60kDa.or lower 
and the above-mentioned biomarker proteins existing in a trace 
are almost all included in this range (reference to Non-patent 
Document No. 1) , Since these proteins are partially excreted to 
urine through a kidney, not only blood but also urine may be used 
as a sample. 

To carry out proteome analysis by general serologic 
investigation, it is at first essential to remove high molecular 
weight components with a molecular weight of 60,000 or higher, 
which become obstacles to detection of trace components relevant 
to pathogenic causes and recover proteins with a molecular weight 
less than 15,000 as much as possible. 
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Presently, high performance liquid chromatography (LC) and 
2 -dimensional electrophoresis (2 dimensional -polyacrylamide gel 
electrophoresis: 2D- PAGE ) have been employed as means of 
separation and removal of the high molecular weight proteins, 
however it takes a 1 to 2 of days only for LC and 2D- PAGE operation . 
The time needed for them is very long as compared with the analysis 
time, several minutes , for MALDI -TOF-MS and ESI -MS (electrospray 
ionization mass spectrometry) and the remarkable advantageous 
point that MS, an analysis means, has a high throughput cannot 
sufficiently be exhibited in the clinical proteome analysis. 
Therefore, it must be said that at the present moment, MS is 
insufficient in practical applications for the purpose of 
obtaining analysis results within a time as short as possible 
for diagnosis and medical care in medical treatment fields and 
it becomes a significant cause of difficulty of utilization of 
MS for the daily clinical investigations. 

Therefore, it is expected that promptness of diagnosis of 
the clinical investigations by clinical proteome analysis may 
remarkably be improved if the means of removing a portion of all 
of high molecular weight proteins from a sample is accelerated. 
Practically, that can be accomplished if a method or an apparatus 
of obtaining a biological components -containing solution with 
a changed composition of biological components while leaving a 
group of aimed proteins from a small amount of a sample at a high 
speed are made available in place of LC and 2D- PAGE. 

As already practically utilized products or disclosed 
techniques for means of removing a main ob j ect substance , albumin , 
there are a carrier (commercialized) in which an affinity ligand 
such as a blue dye is immobilized, a centrifugal tubular apparatus 
(commercialized) for fractionating the high molecular weight 
components by centrifugal filtration, a method of fractionation 
by electrophoresis principle , a traditional precipitation method 
such as ethanol precipitation by Cohn, and a method of 
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fractionation by chromatography (reference to Non-patent 
Document No . 2 ) . 

However, they all have problems such as insufficiency of 
the separation capability, unsuitability for a very small amount 
of a sample, and contamination of chemical agents to be obstacles 
for mass spectrometry. Particularly, a method of removing 
albumin as a target solely by adsorption is capable of removing 
albumin, however it is difficult for the method to remove the 
high molecular weight components with a molecular weight of 60,000 
or higher such as immunoglobulin. 

Separation membranes with various sizes in accordance with 
the utilization have been developed and employed for an artificial 
kidney, an artificial lung, and a plasma separator and also 
improved for heightening the affinity with biological components 
(reference to Patent Document No. 2), however there is no 
implication of solutions to the problems of the clinical 
proteomics that the high molecular weight proteins such as albumin 
have to be removed at a high efficiency. 

If a method or an apparatus capable of solving these 
problems could be developed, proteome analysis would be performed 
widely in medical researches and clinical work fields and it is 
made possible to carry out investigation and diagnosis at a higher 
speed and a higher precision and accordingly, the method or the 
apparatus is expected to be a powerful tool to investigate causes 
of hardly curable diseases for which efficacious medical caring 
methods are not yet available or develop methods of diagnosing 
these diseases in early stage. 

As described above, it is needed to remove excess high 
molecular weight proteins to be obstacles in clinical proteome 
analysis. It has been required so far to develop a device having 
a high separation capability more convenient and faster than 
techniques such as 2D- PAGE and liquid chromatography which are 
complicated and take a long time. 
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In these years, a method of using a gel, Affi-Gel Blue, 
(reference to Non-patent Document No. 3) and a method of using 
"Gradif low" system (reference to Non-patent Document No. 4) are 
reported as effective and improved albumin removal methods, 
however they are not yet capable of preparing solutions for 
analysis to obtain much more information. 

The conditions required for the techniques of aiming 
removal of albumin from blood plasma are that the components of 
blood plasma are passed at a high speed/ that there is not protein 
denaturation function; that very fine processing is done for high 
functionality; and that they are not considerably costly. 
Neither apparatus nor device that can solve the above-mentioned 
problems and satisfy the conditions has made available yet. 
[Non-patent Document No.l] Anderson NL, Anderson NG, "The human 
plasma proteome : history, character, and diagnostic prospects) " , 
proteomics (Molecular & Cellular Proteomics) , USA, The American 
Society for Biochemistry and Molecular Biology , Inc., (2002) vol. 
l.p845-867 . 

[Non-patent Document No. 2] The Japanese Biochemical Society, 
"New Biochemical Experiments, vol. 1; Proteins (1) separation, 
refining. characteristics" , TOKYO KAGAKUDOZIN CO., LTD. 

(1990 [Non-patent Document No. 3] CELL TECHNOLOGY, special 
edition, "Illustrated Bioexperiment 5", SHUJUNSHA Co., Ltd. 

(2001) 

[Non-patent Document No. 4] N. Ahmed et al . , Proteomics, On-line 
issue, June 23, 2003 

[Non-patent Document No. 5] D. L. Rothemund et al . (2003), 
Proteomics, vol. 3, p279-287 

[Patent Document No. 1] Japanese Patent Application National 
Publication (Laid-Open) No. 2002-542163 
[Patent Document No. 2] Japanese Patent No. 3297707 
[Disclosure of the Inventions] 
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[Problems to be Solved by the Inventions] 

In view of the above state of the art, it is an object of 
the inventions to provide a method and an apparatus of preparing 
a biological components -containing solution with a composition 
of changed biological components suitable for proteome analysis 
by separating and removing excess high molecular weight proteins 
to be obstacles at the time of clinical proteome analysis from 
a biological components -containing solution. 
[Means for Solving the Problems] 

The first group of inventions are as follows. 

1. A method of preparing a solution having a composition of 
biological components changed to control the concentration ratio 
of albumin in the total proteins to be less than 0.3 by supplying 
a biological components -containing solution to a separation 
membrane having a 50 or higher comparative permeation ratio of 
at least p2 -microgloblin and albumin and passing the solution 
through the separation membrane. 

2. The method of preparing the above-mentioned solution 
characterized in that the above-mentioned separation membrane 
has a 70 or higher comparative permeation ratio. 

3 . The method of preparing either one of the above-mentioned 
solutions characterized in that the concentration ratio is less 
than 0.1. 

4. The method of preparing one of the above-mentioned solutions 
characterized in that the composition ratio of p2 -microgloblin 
in the total proteins in the solution having a changed composition 
of biological components is at least 10 times as high as the 
composition ratio of (32 -microgloblin in the total proteins in 
the biological components -containing solution. 

5. The method of preparing the above-mentioned solution 
characterized in that the ratio is at least 100 times as high. 

6. The method of preparing the above-mentioned solution 
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characterized in that the flow channels in the inside of the 
separation membrane have an asymmetric structure. 

7. The method of preparing the above-mentioned solution 
characterized in that the biological components are a solution 
containing proteins extracted from substances derived from blood, 
blood plasma, serums, urine, ascites, saliva, tear, 
cerebrospinal fluid, pleural exudate, or cells. 

8. A solution for proteome analysis obtained by one of the 
above-mentioned preparation methods. 

9. An analysis method of proteins contained in biological 
components by preparing a solution having a changed composition 
of the biological components by one of the methods described above 
and then analyzing the proteins contained in the solution. 

10. The analysis method of proteins as described in the claim 
9 in which means of analyzing proteins is at least one selected 
from mass spectrometry, electrophoret ic analysis, and liquid 
chromatography . 

11. An apparatus for preparing a solution for proteome analysis 
having a changed composition of biological components; 
characterized in that the apparatus is an apparatus having a 
module containing a separation membrane having a 50 or higher 
comparative permeation ratio of (32-microgloblin to albumin and 
passing the solution through the separation membrane and the 
module has a raw liquid inlet for the biological 
components -containing solution in the raw liquid side of the 
separation membrane and an outlet of the filtrate passed through 
the separation membrane. 

The second group of the inventions are as follows. 
1 . A liquid flow channel for preparing a solution having a changed 
composition of biological components; characterized in that the 
channel comprises a module containing a separation membrane 
disposed therein and having a raw liquid inlet and a raw liquid 
outlet joined to a raw liquid side flow path of the separation 
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membrane/ a solution circulation channel communicating the raw 
liquid inlet and the raw liquid outlet and having a pump and an 
inlet for an object solution for separation in the middle; and 
a diluent solution inlet formed at a position upstream of the 
inlet for an object solution for separation or a position in the 
middle of the solution. 

2. An apparatus for preparing a solution having a changed 
composition of biological components; characterized in that the 
apparatus comprises at least two liquid flow channels as described 
above; characterized in that the outlet of the object solution 
for separation of one liquid flow channel is joined directly or 
indirectly to an inlet for the object solution for separation 
of the other liquid flow channel. 

3 , A method of preparing a solution having a changed composition 
of biological components with a module containing a separation 
membrane disposed therein by introducing a biological 
components -containing solution in the raw liquid side of the 
separation membrane, circulating the solution in the raw liquid 
side through a solution formed in the outside of the module, and 
taking out the solution passed through the separation membrane 
as the solution having a changed composition of biological 
components; characterized in that a diluting solution for the 
biological components -containing solution is additionally 
introduced into the raw liquid side of the separation membrane 
disposed in the module immediately after introduction of the 
biological components -containing solution . 

4. The method of preparing a solution as described above; 
characterized in that the separation is carried out under the 
condition satisfying 0 < Q2/Q1 < 1 wherein Ql denotes the flow 
speed of the biological components -containing solution 
introduced into the raw liquid side of the separation membrane 
and Q2 denotes the flow speed of the solution passed through the 
separation membrane. 
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5. The method of preparing a solution as described above; 
characterized in that Q2/Q1 satisfies 0.005 < Q2/Q1 < 0.5. 

6. The method of preparing the solution as described in one of 
the above-mentioned methods ; characterized in that the flow speed 
Q2 of the passed solution and the total flow speed Q3 of the 
biological components -containing solution introduced into the 
raw liquid side and the diluting solution satisfies 0.5 ^ Q2/Q3 
< 1 .5 . 

7. The method of preparing a solution as described above; 
characterized in that Q2/Q3 is about 1. 

8. The method of preparing a solution as described in one of the 
above-mentioned methods; characterized in that a physiological 
salt solution or a buffer solution is used as the diluting 
solution. 

9. The method of preparing a solution as described in one of the 
above-mentioned methods; characterized in that the biological 
components are a solution containing proteins extracted from 
substances derived from blood, blood plasma, serums, urine, 
ascites, saliva, tear, cerebrospinal fluid, pleural exudate, or 
cells . 

10. The method of preparing a solution having a changed 
composition of biological components as described in one of the 
above-mentioned methods; characterized in that two modules are 
employed and a solution obtained by either one of the methods 
described above is used in a first module and either one of the 
methods is carried out by the second module. 

The third group of inventions are as follows. 
1 . A method of preparing a solution having a changed composition 
of biological components from a biological components -containing 
solution by subjecting the biological components-containing 
solution to treatment in at least two steps; characterized in 
that the two steps are carried out in combination and selected 
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from (1) a step of adsorbing a portion or all of proteins having 
a molecular weight equal to or higher than that of albumin/ (2) 
a step of removing a portion or all of proteins having a molecular 
weight equal to or higher than that of albumin by fractionation 
with a molecular sieve; and (3) a step of concentrating proteins . 

2. The method of preparing a solution as described above ; 
characterized in that a material containing one or more substances 
selected from cellulose, cellulose acetate, polycarbonate, 
polysulfone, poly (methacrylic acid) ester, poly (acrylic acid) 
ester, polyamide, polyvinyl idene fluoride, polyacrylonitrile , 
polyester, polyurethane , polystyrene, polyethylene, and 
polypropylene is used in the step (1) . 

3. The method of preparing a solution as described above; 
characterized in that a separation membrane containing one or 
more substances selected from cellulose, cellulose acetate, a 
polycarbonate, a polysulfone, a poly (methacrylic acid) ester, 
a poly (acrylic acid) ester, a polyamide, polyvinyl idene fluoride , 
polyacrylonitrile, a polyester, polyethylene, and polypropylene 
is used in the step (2) . 

4 . The method of preparing a solution as described in one of the 
above-mentioned methods; characterized in that a separation 
membrane containing one or more substances selected from 
cellulose, cellulose acetate, a polycarbonate, a polysulfone, 
a poly (methacrylic acid) ester, a poly(acrylic acid) ester, a 
polyamide , polyvinylidene fluoride , polyacrylonitrile , 
polyethylene, and polypropylene is used in the step (3) . 
5. The method of preparing a solution as described in one of the 
above-mentioned methods ; characterized in that a material fixing 
one or more substances selected from a group consisting of a 
polyethylene imine, an aminomethylpyridine, a polyphenol, a blue 
dye, a divalent metal ion, and an alkyl group-containing compound 
in the surface is used in the step (1) or the step (2) . 
6 . The method of preparing a solution as described in one of the 
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above-mentioned methods; characterized in that one or more 
substances selected from a group consisting of a surfactant, an 
emulsifier, an organic solvent, an alcohol, an ethylene glycol, 
a propylene glycol, a polyethylene imine, an aminomethylpyridine , 
protamine sulfate, ammonium sulfate, a polyphenol, a blue dye, 
a caotropic salt, and an alkyl -containing compound are added to 
an aqueous solution in the step (1) or the step (2) . 

7. The method of preparing a solution as described in one of the 
above-mentioned methods; characterized in that the biological 
components- containing solution contains a sample of 

human- derived components . 

8. An apparatus for preparing a solution having a changed 
composition from a biological components -containing solution, 
characterized in that the apparatus comprises at least two kinds 
of means joined by a flow path and selected from (1) means of 
adsorbing a portion or all of proteins having a molecular weight 
equal to or higher than that of albumin; (2) means of removing 
a portion or all of proteins having a molecular weight equal to 
or higher than that of albumin by fractionation with a molecular 
sieve; and (3) means of concentrating proteins. 

9. The apparatus for preparing a solution as described in the 
claim 29, comprising a liquid flow-out path to be joined to a 
liquid chromatography an elect rophoret ic apparatus, or a mass 
spectrometer . 

[Effects of the Inventions] 

The methods and apparatuses disclosed in these inventions 
make it possible to prepare a solution within a short time with 
which many trace proteins which have conventionally been 
difficult to be detected from biological components such as blood, 
serum, and blood plasma. 
[Brief Description of Drawings] 

[Fig. 1] A schematic view of a separation system used for Examples 
1 and 3 of the inventions (one membrane separation unit) . 
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[Fig. 2] A conceptual view of a separation system used for Example 
2 of the inventions (two membrane separation units) . 
[Fig. 3] A schematic view of a separation system used for Example 

4 of the inventions (three membrane separation units) . 

[Fig. 4] A schematic view of a separation system used for Examples 

5 and 6 of the inventions (example comprising three units having 
membrane separation function and adsorption function and one 
concentration unit) . 

[Fig. 5] A schematic view of one example of the apparatus belonging 
to the third group of the inventions, 

[Fig. 6] A photograph of electrophoresis of a solution with a 
changed composition of biological components. 

[Fig. 7] A photograph of two-dimensional electrophoresis of a 
solution with a changed composition of biological components 
obtained in Example 2 . 

[Fig. 8] A photograph of two-dimensional electrophoresis of a 
human serum solution. 
[Explanation of Symbols] 

1 a valve 

2 a solution circulation channel 

3 a pump for circulation 

4 a treatment solution recovery port 

5 a module for the first step 

6 a module for the second step 

7 a module for the third step 

8 a pump for injection 

100 a pump for injection 

101 a three-way valve 

102 a solution circulation channel 

103 a pump for circulation 

104 a recovery port of a membrane separation unit -treated 
solution 

105 a separation membrane module 
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106 a lower port of a module 

202 a second-step solution circulation channel 

203 a second-step pump for circulation 

2 04 a second- step recovery port of a membrane separation 
unit-treated solution 

205 a second separation membrane module 

206 a lower port of a second-step module 

302 a third-step solution circulation channel 

303 a third-step pump for circulation 

304 a third-step recovery port of a membrane separation 
unit-treated solution 

3 05 a third separation membrane module 
306 a lower port of a third-step module 

402 a solution of a concentration unit circulation channel 

403 a circulation pump of a concentration unit 

404 a filtrate outlet of a concentration unit 

4 05 a concentration membrane module 

406 a lower port of a module for concentration 

407 a treatment solution recovery port of a concentration unit 
[Best Mode of Embodiments of the Inventions] 

At first common parts in the inventions will be described. 

"A solution with a changed composition of biological 
components" in the inventions means a solution obtained by 
treating a biological components-containing solution that is a 
living body-derived solution such as blood as a raw solution by 
a specified treatment and thereby changing the composition of 
proteins. "Blood" herein means blood of animals , e.g. human being, 
and includes solutions containing parts of components, e.g. serum 
and blood plasma, in blood. "A solution derived from a living 
body" includes a solution containing substances, e.g. proteins, 
relevant to a living body and a solution obtained by extracting 
proteins from blood as well as urine , saliva, tear, cerebrospinal 
fluid, ascites, pleural exudate, or cells can be exemplified. 
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"A separation membrane module" in the inventions comprises 
a separation membrane stored in a housing. The housing has an 
inlet through which a solution to be separated is introduced and 
an outlet through which a separated solution passed through the 
separation membrane is discharged. The material of the housing 
is not particularly limited and a housing made of a plastic such 
as a polycarbonate, polypropylene, polystyrene, a polysulfone, 
and a polyether sulfone can be exemplified. 

The solution obtained according to the inventions by 
changing the composition of a biological components -containing 
solution is preferably used for protein analysis, particularly 
proteome analysis. The analysis method is not particularly 
limited and LC, 2D- PAGE, nuclear magnetic resonance (NMR) , 
MALDI -TOF-MS , and ESI-MS can be exemplified. These methods are 
analysis methods whose analysis sensitivity is lowered if the 
solution contains a high content of proteins such as albumin, 
which exist in a large quantity in some of solutions, and use 
of the solution obtained according to the invention makes highly 
sensitive analysis possible. Also, the solution is advantageous 
for proteome analysis using MS or electrophoresis. MS to which 
a solution preparation apparatus of the inventions is directly 
or indirectly joined is not particularly limited and preferably 
an electrospray ionization type, an atmospheric pressure 
ionization type , a quadrupole (QQQ) type, a magnet ic sector type , 
a time-of -light type, MS/MS, MSn, FT-MS type. an ion capture type, 
and their combination type can be exemplified. Further, the 
apparatus also include a tandem MS just like MS/MS and MSn (e.g. 
MS3) . In the case of the tandem MS, all types of MS are usable 
and particularly, combination use of sector appliances , e.g. ion 
capture type, quadrupole- time-of -light type (Q-TOF) , FT-MS, and 
quadrupole and ion capture gives a high efficiency. Accordingly, 
it is made possible to selective detection of peaks generated 
in MS/MS and/or MSn measurement . 
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Structural information of various kinds of trace protein 
components can be collected if a solution obtained by the methods 
or refining apparatuses of the inventions and the above-mentioned 
analysis apparatuses are employed and further developments are 
performed. The information includes not only peptide-mass 
fingerprint (PMF) but also primary structure information 
(aminoacid sequences) of respective peptides. 

Next, the first group of the inventions will be described. 

In the first group of the inventions, to obtain a solution 
with a changed composition of biological components and having 
a concentration ratio of specified albumin of lower than 0.3, 
a method involving steps of supplying a biological 
components-containing solution to a separation membrane having 
a comparative permeation ratio, which is a value calculated by 
dividing a sieving coefficient of 02 -microgloblin by that of 
albumin, of 50 or higher and collecting the solution passed 
through the separation membrane is employed. For the method, an 
apparatus having a module which contains a separation membrane 
having a comparative permeation ratio of p2 -microgloblin to 
albumin of 50 or higher and which has a raw liquid inlet for the 
biological component s - containing solution in the raw liquid side 
of the separation membrane and an outlet of the filtrate passed 
through the separation membrane is used. In the module of the 
above-mentioned apparatus , the module may have a raw liquid outlet 
for the biological components -containing solution in the raw 
liquid side of the separation membrane. 

The comparative permeation ratio of the separation membrane 
is preferably 70 or higher and more preferably 140 or higher, 
and although there is no particular upper limit, however if its 
value is so high, the recovery amount of desired proteins with 
a molecular weight lower than 15,000 may possibly be lowered and 
therefore, it is preferably 10,000 or lower. A hollow fiber 
membrane is preferable to be used as the separation membrane. 
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For the purpose of filtering proteins , many hollow fiber membranes 
have been employed as materials of dialysis modules 
conventionally called as an artificial kidney. The separation 
membranes to be used for the artificial kidney are so designed 
as to prevent proteins such as albumin from passing and permeate 
low molecular weight components such as creatinine and urea as 
much as possible and accordingly is employed for purifying blood 
by leading blood to the inside of hollow fibers and discharging 
low molecular weight proteins unnecessary for a living body out 
of the outside of hollow fibers. In the separation membrane of 
the first group of the inventions , a technique of passing an obj ect 
solution from the inside of hollow fibers to the outside through 
the hollow fiber membrane is preferable. Particularly, a method 
of obtaining a solution by preventing high molecular weight 
components such as albumin from passing in the inside of the hollow 
fibers and on the other hand allowing mainly proteins with a 
molecular weight of 15,000 to pass the hollow fibers is preferable 
Although similar results can be obtained even if a plane membrane 
type separation membrane is used, utilization of the hollow fiber 
membrane makes it easy to enlarge the surface area per treatment 
solution amount and lowers the pressure loss in the operation, 
resulting in efficient execution of the inventions. 

The material of the separation membrane to be used in the 
first group of the inventions is not particularly limited and 
usable materials are those containing one or more kinds of 
polymers selected from a group consisting of cellulose type 
polymers such as cellulose and cellulose triacetate; 
polycarbonates,* polysulfone polymers such as polysulfones and 
polyether sulfones; poly (methacrylic acid) esters such as 
poly(methyl methacrylate) ; poly(acrylic acid) esters; 
polyamides; poly (vinylidene fluoride) ; polyacryloni trile ; 
polyesters; polyethylene; and polypropylene. Among them, 
polysulfones widely used in these years for dialyzers are 
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preferable materials because of an excellent fractionating 
property of the polysulf ones . In terms of the membrane structure, 
the flow channels in the inside of the separation membrane are 
preferable to have an asymmetric structure and more preferable 
to have a multilayer asymmetric structure composed of a dense 
layer and a support layer having a high porosity and keeping the 
membrane strength. The asymmetric structure is judged by 
observation of cross-sectional structure of the membrane with 
an electron microscope under the observation condition of 1,000 
times magnification. The structure is judged based on whether 
there are both of a layer in which voids are scarcely observed 
and a layer in which voids are observed in the thickness direction 
of the membrane. If existence of both layers are observed, the 
asymmetric structure is certified. 

In the asymmetric structure, it is preferable that the voids 
existing near the face with which a raw solution is to be brought 
into contact are densest. That is because blocking in the 
membrane surface with solutes can be suppressed. 

It is preferable for the separation membrane to be used 
for the first group of the inventions to absorb proteins as 
scarcely as possible and from such a viewpoint, a membrane having 
a hydrophilic surface is preferable. Particularly, the 
hydrophilic membrane is effective to suppress adsorption of 
proteins that give important information by proteome analysis 
and recover the proteins without vain. The hydrophilic membrane 
is not particularly limited if a membrane is made to be hydrophilic 
and examples of the membrane are those obtained by copolymerizing 
a hydrophilic monomer and a hydrophobic monomer, blending a 
hydrophilic polymer and a hydrophobic polymer and forming films 
from the blend, bonding or sticking a hydrophilic polymer to a 
membrane made of a hydrophobic polymer, and treating the surface 
of a membrane of a hydrophobic polymer by chemical treatment, 
plasma treatment, and radiation treatment. The chemical 
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structure giving the hydrophilic component is not particularly 
limited and preferable examples are hydrophilic polymers 
including polyalkylene oxides such as a polyethylene glycol, 
poly (vinyl pyrrol idone ) , polyvinyl alcohol, poly (hydroxyethyl 
methacrylate) , and polyacrylamide . 

Further, if necessary, a step of concentrating proteins 
by removing a solvent such as water from the solution obtained 
by filtration by the above may be carried out. 

In the concentration step, the concentration is carried 
out by separating and sieving using a porous film, which may be 
a plane filter and a hollow fiber membrane, having an effect of 
a molecular sieve. In the case the amount of a sample is a little, 
an existing commercialized concentration device comprising a 
plane filter attached to a tube for centrifugal separation is 
used and in the case the amount of a sample is a large quantity, 
hollow fibers are effective to be used. 

The material to be used for the concentration step is not 
particularly limited and usable examples are materials 
containing one or more polymers selected from a group consisting 
of cellulose type polymers such as cellulose and cellulose 
triacetate,- polycarbonates; polysulfone polymers such as 
polysulfones and polyether sulfones; poly (methacrylic acid) 
esters such as poly(methyl methacrylate); poly(acrylic acid) 
esters; polyamides; poly (vinylidene fluoride); 
polyacrylonitrile; polyesters; polyethylene; and polypropylene . 
Among them, polysulfones widely used in these years for dialyzers 
are preferable materials since the polysulfones gives membranes 
having an excellent fractionating property and high water 
permeability. 

With respect to the structure of the membrane to be used 
in the concentration step, both of a membrane having a sponge 
structure, a uniform structure and an asymmetric membrane having 
a multilayer structure composed of a dense layer and a support 
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layer having a high porosity and keeping the strength of the 
membrane maybe used. With respect to the molecular fractionation 
capability of the membrane to be used in the concentration step, 
a membrane or a ultrafiltration membrane having a molecular 
fractionation capability of preventing peptides from passing in 
the physiological salt solution, for example, having an cut-off 
value of 0 . 5kDa or lower, preferably 0 . 1 kDa or lower is preferable 
to be used. 

The aimed solution having a changed composition of the 
biological components prepared by the first group of the 
inventions is required to have a high ratio of proteins with a 
molecular weight of 15,000 or lower and as an index of the existence 
ratio in the inventions, 02 -microblobrin having a molecular 
weight of 1, 1600 is employed. It is also required to contain less 
proteins having a high molecular weight such as albumin and 
immunoglobulintransf errin, and albumin having a molecular weight 
of around 60,000 is employed as an index . The reason for selecting 
albumin as the index is because, in the case of blood, the amount 
of albumin is highest and generally if albumin is sufficiently 
removed, immunoglobulin or the like having a higher molecular 
weight can simultaneously be removed by a method of using a 
membrane . 

To excellently carry out proteome analysis using the 
obtained solution having a changed composition of biological 
components, the ratio of p2 -microgloblin in the total proteins 
of the solution having a changed composition of biological 
components to p2 -microgloblin in the total proteins of the 
biological components -containing solution is preferably at least 
10 times as high, more preferably at least 100 times as high, 
and even more preferably at least 1,000 times as high. That is 
because the amount of proteins to be injected in an apparatus 
such as a mass spectrometer is limited and the measurement 
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sensitivity can be improved. 

In such a manner, the solution with a low composition ratio 
of proteins having a molecular weight of 60 , 000 or higher in the 
total proteins can be obtained and to carry out highly sensitive 
analysis, the composition ratio of albumin in the proteins is 
desirably lower than 0.3, more desirably lower than 0.1, and even 
more desirably lower than 0.01. 

Herein after, one example of the first group of the 
inventions will be described with reference to drawings. 

Fig. 1 is a conceptual drawing showing an example of an 
apparatus for preparing a solution of the first invention. The 
arrow shows the flow of a solution. A sample, which is such as 
serum containing biological components or a biological 
components-containing solution containing serum is injected into 
a first separation membrane module 105 having a separation 
membrane having a specified comparative permeation ratio for the 
first step through a three-way valve 101 from a pump 100 for 
injection; sent to a solution 102 made of a tube by a circulation 
pump 103; and circulated there. The filtrate passed through the 
separation membrane in the first step is obtained in the membrane 
unit-treated solution recovery port 104 in the first step, which 
is a discharge port of the filtrate. This embodiment is a basic 
unit of one step. Accordingly, a desired solution for proteome 
analysis can be obtained. In the case it is desired to further 
remove proteins with a high molecular weight, a plurality of 
modules may be joined. Fig. 2 shows an example for treating 
two-step treatment by joining two modules and Fig. 3 shows an 
example for treating three-step treatment by joining three 
modules. The filtrate is injected to a unit of the next step 
through a tube directly joined to the treated solution recovery 
port of the membrane separation unit, a port for the filtrate. 
The aimed solution is obtained through a recovery port of a unit 
in the most downstream of the step (the port 104 in the apparatus 
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of Fig. 1, the port 204 in the apparatus of Fig. 2, and the port 
3 04 in the apparatus of Fig. 3) . 

Figs. 4 shows an apparatus obtained by further comprising 
a further joined module having a concentration function to the 
apparatus of Fig. 3 and the aimed solution is recovered through 
a treated solution recovery port 407 of the concentration unit. 

Next, the second group of the inventions will be described. 

In the second group of the inventions , a method of preparing 
a solution having a changed composition of biological components 
using a module containing a separation membrane by introducing 
a biological components-containing solution in the raw liquid 
side of the separation membrane, circulating the solution in the 
raw liquid side through a liquid circulation channel formed in 
the outside of the module , and taking out the solution passed 
through the separation membrane is characterized in that a 
diluting solution for the biological components-containing 
solution is additionally introduced into the raw liquid side of 
the separation membrane disposed in the module after introduction 
of the biological components -containing solution. Also, in the 
second group of the inventions, the means of preparing the 
solution having a changed composition of biological components 
comprises a module containing a separation membrane disposed 
therein and having a raw liquid inlet and a raw liquid outlet 
joined to a raw liquid side flow path of the separation membrane 
and an outlet of the filtrate of the separation membrane; a 
solution circulation channel communicating the raw liquid inlet 
and the raw liquid outlet and having a pump and an inlet for an 
object solution for separation in the middle; and a diluent 
solution inlet formed at a position upstream of the inlet for 
an object solution for separation or a position in the middle 
of the solution. 

Same in the second inventions, the separation membrane is 
a porous separation membrane and both of a plane membrane type 
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separation membrane such as a plane filter and a cartridge type 
filter and a hollow type separation membrane such as a hollow 
fiber membrane can be used. Particularly, the hollow fiber 
membrane has a high membrane surface area per unit solution 
treatment amount and a low pressure loss and therefore, the 
membrane is preferable to be used for improving the efficiency. 
To increase the membrane surface area per unit solution treatment 
amount, the inner diameter of hollow fibers is preferable to be 
small and it is preferably 1, 000 jam or smaller anchmore preferably 
500 jam or smaller. The plane filter has an advantageous point 
that the membrane filter can be formed easily and economically. 
As a material for the membrane, one or more materials selected 
from a group consisting of cellulose, cellulose acetate, a 
polycarbonate, a polysulfone, a poly (methacrylic acid ester) 
such as a poly (methyl methacrylate) , poly (acrylic acid ester) , 
a polyamide, poly (vinylidene fluoride), polyacrylonitrile , a 
polyester, polyethylene, polypropylene, and their derivatives 
can be exemplified. Among them, polysulfones widely used in these 
years for dialyzers are preferable materials because of an 
excellent fractionating property of the polysulfones. 

In the separation membrane to be used in the second group 
of the inventions, it is preferable to use a separation membrane 
having a 50 or higher comparative permeation ratio of proteins 
having a molecular weight of less than 15 , 000 and proteins having 
a molecular weight of 60,000 or higher. Other preferable 
properties and forms are same as described for the separation 
membrane for the first group of the inventions. 

In the second group of the inventions, the invention 
relevant to the preparation of the solution involves introducing 
a biological components-containing solution into the raw liquid 
side of the separation membrane and thereafter introducing a 
diluent for the biological components-containing solution. It 
is because addition of the diluent solution prevents excess 
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concentration of the biological components on the surface of the 
membrane and suppressed deterioration of the comparative 
permeation ratio of the separation membrane. Also, 
physiological salt solution or "a buffer solution" is preferable 
to be used for the diluent solution. Examples of "the buffer 
solution" may include MES, BIS-TRIS, ADA, ACES, PIPES, MOPSO, 
BIS-TRIS, PROPANE, BES, MOPS, TES , HEPES, DIPSO, MOBS, TAPSO, 
TRIZME, HEPPSO, POPSO, TEA, EPPS, TRICINE, GLY-GLY, BICINE, PBS, 
TAPS, AMPD, TABS, AMPSO, CHES, CAPSO, AMP, CAPS, AND CABS. The 
above-mentioned buffer solutions are abbreviated and the 
detailed contents can be known by referring to catalogs and MSDS 
(material safety data sheet) of reagent production firms such 
as Wako Pure Chemical Industries, Ltd. and Sigma-Aldrich Japan 
Co. Ltd. 

The flow speed Ql of the biological components -containing 
solution to be introduced into a module means a flow speed of 
a solution led to the module and flowing in the channel and is 
preferable to be higher than the flow speed Q2 of the separated 
solution to be sent. It is for preventing concentration of the 
solution in the separation membrane surface/ preventing 
deposition of substances on the membrane surface; and preventing 
clogging of pores of the membrane. Further, the ratio Q2/Q1 of 
the flow speed Ql of the solution led to the separation membrane 
module and the flow speed Q2 of the separated solution to be send 
is preferably 0 . 5 or lower. Also, in the case the ratio Q2/Q1 
of the flow speed Ql of the solution led to the separation membrane 
module and the flow speed Q2 of the separated solution to be send 
is 0 , filtration is not carried out and substances are transferred 
only by diffusion and the separation speed is slow, so that the 
ratio is desirably 0.005 or higher. 

The flow speed Q2 of the solution passing through the 
separation membrane and the flow speed Q3 of the diluent solution 
led to the module is desirable to satisfy the inequality of 0.5 
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< Q2/Q3 < 1.5 and Q2/Q3 is preferably in a range of 0.9 to 1.1, 
that is around 1. 

A solution from which proteins with a high molecular weight 
are removed and which is suitable for proteome analysis can be 
prepared by making two modules usable and obtaining a solution 
having a changed composition of biological components by 
additionally introducing the diluent solution as described above 
in a first module and obtaining a solution having a changed 
composition of biological components by introducing the obtained 
solution to a second module and simultaneously introducing the 
diluent solution. Further, additional third and fourth modules 
may be made usable and same steps may be carried out . 

Based on the necessity, a step of concentrating proteins 
by removing a solvent such as water from a solution obtained in 
the above-mentioned step using one module or step using a 
plurality of modules may be carried out to obtain a solution having 
a changed composition of biological components. The materials, 
structure, and the capability of the membrane to be used for the 
concentration step are same as described in the explanation of 
the concentration step in the first group of the inventions. 

Next, the third group of the inventions will be described. 

According to the third group of inventions, a solution 
containing a large quantity of aimed proteins can efficiently 
be prepared by involving at least two steps among three steps 
of treating proteins by adsorption, fractionation by sieving, 
and concentration . 

An invention relevant to a method of preparing a solution 
among the third group of the inventions is characterized in that 
the invention involves at least two steps selected from steps 
of (1) adsorbing proteins having a molecular weight equal to or 
higher than that of albumin; (2) removing a portion or all of 
proteins having a molecular weight equal to or higher than that 
of albumin by fractionation using a molecular sieve; and (3) 
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concentrating proteins. 

An apparatus for preparing a solution having a changed 
composition of biological components from a biological 
components -containing solution in the third group of the 
inventions is characterized in that the apparatus comprises at 
least two means selected from means of (1) adsorbing a portion 
or all of proteins having a molecular weight equal to or higher 
than that of albumin; (2) removing a portion or all of proteins 
having a molecular weight equal to or higher than that of albumin 
by fractionation using a molecular sieve; and (3) concentrating 
proteins and the selected means are joined to each other through 
a flow path. The above-mentioned is preferable to have a flow-out 
path of a solution to be joined to a liquid chromatography an 
electrophoretic apparatus, or a mass spectrometer in terms of 
the convenience of protein analysis. 

Albumin whose molecular weight is to be a standard in the 
third group of the inventions include albumin derived from human 
being, bovines, other mammalians, and bird and may be determined 
in accordance with an object living body and in the inventions, 
human albumin is preferable to be a standard. Proteins having 
a molecular weight equal to or higher than that of albumin mean 
mainly proteins having a molecular weight at least 60,000 to 
70,000, higher than that of albumin . Whether the molecular weight 
is higher than that of albumin or not can be determined by SDS-PAGE 
(sodium dodecyl sulphate-polyacrylamide gel electrophoresis) . 

Hereinafter, characteristic three steps and means of the 
third group of the inventions will be described. 

(1) The step or means of adsorbing a portion or all of 
proteins with a molecular weight equal to or higher than that 
of albumin 

Herein, "adsorption" means capturing proteins solubilized 
in an aqueous solution in a substance existing in the step by 
interaction with the substance. 
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A material to be used for the adsorption in this step is 
not particularly limited and one of polymer materials selected 
among cellulose type polymers such as cellulose and cellulose 
triacetate; polycarbonates; polysulfone type polymers such as 
polysulfones and polyether sulfones; poly (methacrylic acid) 
esters such as poly (methyl methacrylate) ; poly(acrylic acid) 
esters; polyamides; poly (vinylidene fluoride); 
polyacrylonitrile; polyesters ; polyurethanes ; polystyrene; 
polyethylene; and polypropylene may be used. 

The material to be used may be in form of spherical beads, 
fibers, plane materials such as knitted fabrics, woven fabrics, 
and nonwoven fabrics of fibers such as long fibers and short fibers , 
and hollow fibers. In the respective forms, it is preferable for 
their surface to be roughened in order to increase the effect 
of the adsorption surface area. Since the material is a 
permeation type separation membrane such as a plane membrane or 
a hollow fiber membrane, separation of proteins with a low 
molecular weight can simultaneously be separated and therefore, 
such a material is preferable. 

For the properties of the substrate itself, those whose surface 
is made to be hydrophilic so as not to adsorb proteins with a 
low molecular weight, which are needed in the aimed solution and 
have not to be removed, and those whose surface is made to be 
hydrophobic for selectively adsorbing proteins with a high 
molecular weight such as albumin may properly be selected and 
used . 

The substrate having a hydrophilic surface may be of a 
copolymer obtained by copolymer i zing a hydrophilic monomer and 
a hydrophobic monomer, a mixture obtained by blending a 
hydrophilic polymer and a hydrophobic polymer, a material 
obtained by bonding or sticking a hydrophilic polymer to the 
surface of a hydrophobic polymer, and a material obtained by 
treating the surface of a material of a hydrophobic polymer by 
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chemical treatment, plasma treatment, and radiation treatment. 
Examples of . the hydrophilic component to be used may be 
hydrophilic polymers including polyalkylene oxides such as a 
polyethylene glycol, poly (vinyl pyrrolidone) , polyvinyl alcohol, 
poly (hydroxyethyl methacrylate) , and polyacrylamide . Examples 
of the hydrophobic substrate to be used may be hydrophobic 
substances and those having a surface into which a hydrophobic 
ligand is introduced. Examples of the hydrophobic component may 
include addition polymers produced from compounds having a 
carbon-carbon double bond such as methacrylic acid esters; 
acrylic acid esters; olefins such as ethylene and propylene; 
acrylonitrile ; and methacryloni trile and polymers such as 
polysulfones and cellulose. 

Further, examples to be used for the hydrophobic component 
may include materials in which at least one compound selected 
from compounds such as polyethylene imine, aminomethylpyridine , 
a polyphenol, a blue dye, a divalent metal ion (Zn 2+ , Ni 2+ , Co 2+ , 
and Cu 2+ ) , a compound (e.g. ethanol, isopropyl alcohol, and 
amidomethylated polystyrene) having a hydrophobic group (e.g. 
methyl, benzyl, phenyl, chloromethyl , octyl, and lauryl) is 
fixed. 

(2) The step of removing a portion or all of proteins with 
a molecular weight equal to or higher than that of albumin by 
fractionation with a molecular sieve 

In this step, it is preferable to use a porous membrane 
in form of a plane membrane or hollow fiber membrane and having 
an effect of a molecular sieve. Particularly, use of a hollow 
fiber membrane is effective since the surface area of the 
separation membrane is remarkably increased. 

The material for the membrane to be used preferably in this step 
is not particularly limited and examples of the material to be 
used may include polymers selected from cellulose type polymers 
such as cellulose and cellulose triacetate; polycarbonates; 
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polysulfone type polymers such as polysulfon.es and polyether 
sulfones; poly (methacrylic acid) esters such as poly (methyl 
methacrylate) ; poly(acrylic acid) esters; polyamide nylons; 
poly (vinyl idene fluoride) ; polyacrylonitrile ; polyesters; 
polyethylene; and polypropylene. Among them, polysulfones 
widely used in these years for dialyzers are preferable materials 
because they have an excellent fractionating property, that is 
a high ratio of the sieving coefficient of a substance with a 
low molecular weight to that of a substance with a high molecular 
weight among substances with different molecular weights. With 
respect to the membrane structure, both of a membrane having a 
sponge structure approximately a uniform structure and an 
asymmetric membrane having a multilayer structure composed of 
a dense layer and a support layer having a high porosity and keeping 
the strength of the membrane may be used. A conformation method 
of the asymmetric structure and a preferable embodiment of the 
asymmetric structure are same as described in the descriptions 
of the first group of the inventions. 

As the membrane to be used for the fractionation step, there 
are a hydrophilic membrane and a hydrophobic membrane on the basis 
of the property of the membrane surface. 

Examples of the hydrophilic membrane are those obtained 
by copolymerizing a hydrophilic monomer and a hydrophobic monomer, 
those obtained by blending a hydrophilic polymer and a hydrophobic 
polymer and forming films from the blend, those obtained by 
bonding or sticking a hydrophilic polymer to a membrane made of 
a hydrophobic polymer, and those obtained by treating the surface 
of a membrane of a hydrophobic polymer by chemical treatment, 
plasma treatment, and radiation treatment. The hydrophilic 
component is not particularly limited and preferable examples 
are hydrophilic polymers including polyalkylene oxides such as 
a polyethylene glycol, poly (vinyl pyrrolidone) , polyvinyl 
alcohol, and poly (hydroxyethyl methacrylate) . These 
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hydrophilic membranes can suppress adsorption of needed proteins 
and recover them without vain. 

On the other hand, with respect to the hydrophobic membrane , 
those mixed with a hydrophobic component and those having a 
surface into which a hydrophobic ligand is introduced may be used. 
Examples of the hydrophobic component may include addition 
polymers produced from addit ion-polymerizable compounds having 
a carbon-carbon double bond such as methacrylic acid esters; 
acrylic acid esters; olefins such as ethylene and propylene; 
acrylonitrile ; methacrylonitrile , and poly (vinyl idene 
fluoride) and polymers such as polysulfones and cellulose. 

Further, examples to be used for the hydrophobic component 
may include materials in which at least one compound selected 
from compounds such as polyethylene imine, aminomethylpyridine , 
a polyphenol, a blue dye, a divalent metal ion (Zn 2+ , Ni 2+ , Co 2+ , 
and Cu 2+ ) , a compound (e.g. ethanol, isopropyl alcohol, and 
amidomethylated polystyrene) having a hydrophobic group (e.g. 
methyl, benzyl, phenyl, chloromethyl , octyl, and lauryl) is fixed 
or chemical reaction. 

With respect to the molecular fractionation capability, 
membranes having a molecular fractionation capability of 
preventing albumin from passing in the physiological salt 
solution, for example, having an cut-off value of 50 kDa or lower, 
preferably 30 kDa or lower are preferable to be used. 

In the step (1) or the step (2), various kinds of agents 
may be added to the aqueous solution to be loaded to improve the 
adsorption or fractionation capability. Practically, at least 
one substance among a surfactant, an emulsifier, an organic 
solvent, an ethylene glycol, a propylene glycol, a polyethylene 
imine, an aminomethylpyridine, protamine sulfate, ammonium 
sulfate, a polyphenol, a blue dye, a caotropic salt , and a compound 
(e.g. ethanol and isopropyl alcohol) having a hydrophobic group 
(e.g. methyl, benzyl, phenyl, chloromethyl, octyl, and lauryl) 
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may be added. 

For example, addition of a proper amount of ammonium sulfate , 
a polyethylene glycol, a polyethylene imine, or a caotropic salt 
which promotes coagulation of albumin coagulates proteins with 
a high molecular weight, promotes the proteins to become huge 
molecules, and thus promotes adsorption of the proteins and 
suppresses leakage from the separation membrane, resulting in 
efficient prevention of permeation of the components with a high 
molecular weight. On the contrary, addition of a proper amount 
of a surfactant such as an amphoteric surfactant or an anionic 
surfactant suppresses interaction among proteins to efficiently 
carry out fractionation by molecular sieving. 
(3) The step of concentrating proteins 

The step of concentration means a step of concentrating 
proteins in a solution. Herein, the concentration step may 
include removing not only water from an aqueous solution but also 
removing components with a low molecular weight of 1 kDa or smaller 
In this step, a porous membrane is used for a plane filter or 
a hollow fiber module to carry out concentration by separating 
and sieving. With respect to the molecular fractionation 
capability, the membrane to be used in this step differs from 
the separation membrane to be used in the above-mentioned 
fractionation step (2). Further, in the case of using the 
separation membrane in the above-mentioned fractionation step 
(2) , the solution passed through the membrane is a desired 
solution and on the other hand, in the concentration step (3) , 
that is different in a point that the solution remaining without 
being passed through the membrane is a desired solution. 

In the case the amount of a sample is a little, an existing 
commercialized concentration device comprising a plane filter 
attached to a tube for centrifugal separation is used and in the 
case the amount of a sample is a large quantity, hollow fibers 
are effective to be used. 
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A material to be used for the separation membrane for the 
concentration step is not particularly limited and one of polymers 
selected from cellulose type polymers such as cellulose and 
cellulose triacetate; polycarbonates; polysulfone type polymers 
such as polysulfones and polyether sulfones; poly (methacrylic 
acid) esters such as poly (methyl methacrylate) ; poly (acrylic 
acid) esters; polyamides; poly (vinyl idene fluoride); 
polyacrylonitrile ; polyesters ; polyurethanes ; polystyrenes ; 
polyethylene; and polypropylene may be used. Among them, 
polysulfones widely used in these years for dialyzers are 
preferable materials because the polysulfones have an excellent 
fractionating property (that is, a high ratio of the sieving 
coefficient of a substance with a low molecular weight to that 
of a substance with a high molecular weight among substances with 
different molecular weights) . With respect to the membrane 
structure, both of a membrane having a sponge structure 
approximately a uniform structure and an asymmetric membrane 
having a multilayer structure composed of a dense layer and a 
support layer having a high porosity and keeping the strength 
of the membrane may be used. A conformation method of the 
asymmetric structure and a preferable embodiment of the 
asymmetric structure are same as described in the descriptions 
of the first group of the inventions. 

With respect to the molecular fractionation capability of 
the membrane to be used in the concentration step, a membrane 
or a ultrafiltration membrane having a molecular fractionation 
capability of preventing peptides from passing in the 
physiological salt solution, for example, having an cut -of f value 
of 0.5kDa or lower, preferably 0.015 kDa or lower is preferable 
to be used. 

The third group of the inventions are effective to make 
simple, automatic and continuous operation possible by joining 
means in the respective steps through solution flow paths and 
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making them continuously operable. In this connection, the 
respective steps may be performed independently. To send a 
solution, a pump connected to a liquid flow path may be use and 
in the case of a small scale apparatus, a syringe may be used 
for sending a solution. In the case of concentration by using 
a centrifugal tube type apparatus without using a separation 
membrane, centrif ugat ion operation may be carried out for the 
concentration . 

In the method of the third group of the inventions, in the 
case even though a single step, the step has two or more 
capabilities selected from the steps of (1) adsorbing proteins 
with a molecular weight equal to or higher than that of albumin; 
(2) removing a portion or all of the proteins with a molecular 
weight equal to or higher than that of albumin by fractionation; 
and (3) concentrating proteins, a method of performing the step 
two or more times is also included in the scope of the inventions. 
Also, with respect to an apparatus of the third group of the 
inventions, in the case even though a single means, the means 
has two or more capabilities selected from the means of (1) 
adsorbing proteins with a molecular weight equal to or higher 
than that of albumin; (2) removing a portion or all of the proteins 
with a molecular weight equal to or higher than that of albumin 
by fractionation; and (3) concentrating proteins, an apparatus 
comprising two or more such means joined to one another is also 
included in the scope of the inventions. 

An excellent effect to further decrease the ratio of albumin 
in the total amount of the proteins and increase the ratio of 
proteins with a low molecular weight, which are targets of 
analysis can be caused by repeating the same steps as the 
above-mentioned steps (1) to (3) . Whether the same steps should 
be repeated or whether two different steps should be carried out 
can be planed in accordance with the extent of the composition 
of the proteins contained in the biological components to be 
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supplied at first. 

According to the preparation method disclosed in the third 
group of the inventions, in the case of blood plasma of a healthy- 
adult, one time operation can cause an effect to remove proteins 
with a high molecular weight of 50 kDa or higher at 90% or higher 
removal ratio, recover proteins with a low molecular weight less 
than 5 0 kDa at 70% or higher recovery ratio, and give an average 
concentration ratio of the proteins with a low molecular weight 
less than 50 kDa at least 10 times. 

Further, the one time treatment time is shortened to be 
in 1 to 6 hours. In terms of prevention of contamination with 
a different sample or biohazard, it is preferable to use a series 
of devices only one time and the apparatus to be used for the 
method of the inventions can be made to be disposable and it is 
remarkably advantageous from a viewpoint of avoidance of 
contamination with samples and assurance of reproducibility of 
analysis . 

The third group of the inventions are also suitable for 
separating biological molecules, particularly protein 
components from a biological components -containing solution, 
particularly from human plasma, urine, saliva, tear, 
cerebrospinal fluid, ascites, and pleural exudate. The size of 
the membrane and the hollow fiber module exemplified above and 
the flow speed of the solution may properly be determined in 
accordance with the quality and the quantity of a biological 
material such as blood plasma and urine to be a raw material and 
in the case of using so-called on-table size, 1 to 400 mL, 
preferably 5 to 100 mL of blood plasma is used and the flow speed 
is adjusted to be 1 to 20 mL/min, preferably 2 to 10 mL/min. 

Hereinafter, a method of changing the composition of a 
biological components -containing solution belonging to the third 
group of the inventions and an embodiment of an apparatus for 
the method will be described with reference to drawings. 
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Fig. 5 is a conceptual drawing showing one example of an 
apparatus belonging to the third group of the inventions and 
showing three steps; adsorption, fractionation, and 
concentration in this order. The flow of a solution is shown with 
an arrow. A sample of a material such as serum or a biological 
components -containing solution containing the serum is injected 
into a module 5 of the first step having one of adsorption, 
fractionation, and concentration capabilities by a pump 8 for 
injection via a valve 1, sent to a solution circulation channel 
2 made of a tube by a pump 3 and circulated. The obtained solution 
treated in the first step is obtained out of a treated solution 

4. This performance is a unit, called as a single step. Fig. 
5 shows an example including three- stages and a module 6 for the 
second step and a module 7 for the third step are joined to each 
other. The obtained solution is injected to a module in the next 
step through a tube joined to a treated solution recovery port. 

In general, in the case of a fractionation step by a 
molecular sieve, the outlet of the step that is a recovery port 
of a treated solution is an outlet of a filtrate and in the case 
of an adsorption step, the outlet of the step is an outlet formed 
in a middle of the solution circulation channel and in the case 
of using a permeation type membrane for the adsorption, the outlet 
of the filtrate becomes an outlet of the step. In the case of 
a concentration step, the outlet is formed in a middle of the 
solution circulation channel. In the embodiment shown in Fig. 

5, the respective circulation pumps are formed downstream in the 
respective steps, however the circulation pumps may be installed 
upstream in the respective steps. 

In the case the concentration step is in the most downstream 
among selected steps, treatments of the respective steps may be 
carried out simultaneously and treatments conventionally carried 
out separately while taking a long time can be carried out within 
a short time. 
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[Examples] 

<Method of measuring comparative permeation ratio> 

Human serum (H1388, manufactured by SIGMA or an equivalent 
product) is centrifuged at 3,000 rpm for 15 minutes to remove 
precipitates and then filtered with a 0.45 jam filter. 

A separation membrane module containing a separation 
membrane is made ready and a raw solution (human serum) side inlet 
and a raw solution side (human serum) outlet are connected through 
a tube to form a solution circulation channel. In the middle of 
the solution circulation channel, a sampling port , a switch valve 
for discarding a solution without circulation, a flow-in path 
for introducing a solution into the solution circulation channel , 
a pump for circulating a raw solution, and a sampling port are 
installed along the direction from the raw solution side outlet 
to the raw solution side inlet. Further, a tube is connected to 
the filtration side outlet of the module and a pump for filtration 
and an outlet (a sampling port) for a filtered solution are 
successively formed. Through a flow- in path, the separation 
membrane module is filled with an aqueous PBS solution (Dulbecco 
PBS (-) , manufactured by DAINIPPON SUMITOMO PHARMA) (hereinafter 
the aqueous solution is simply referred to as PBS) . A raw solution, 
Human serum, is introduced from a raw solution side inlet at a 
circulation flow rate of 1 mL/min and filtration is started at 
a filtration flow rate of 0.2 mL/min at 20°C. During the 
filtration, the raw solution at the outlet of the module can be 
discharged without being turned back by switching the valve for 
discarding the solution existing in the middle of the solution 
circulation channel. While keeping the operation as it is from 
30 minutes to 60 minutes after the start of the injection of the 
human serum, samples are collected from the sampling port near 
the raw solution inlet of the module, the sampling port near the 
raw solution outlet of the module, and the sampling port in the 
periphery of the filtration side outlet of the module. 
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concentrations of albumin and p2-microgloblin in the respective 
samples are measured and the sieving coefficients of albumin and 
P2-microbloblin are calculated from the measured values . At that 
time, the average value of the concentrations of the samples 
collected at the respective sampling ports near the inlet and 
outlet of the module is employed as the raw solution side 
concentration. The comparative permeation ratio is defined as 
a value calculated by dividing the calculated sieving coefficient 
of p2 -microgloblin by the calculated sieving coefficient of 
albumin. In this connection, measurement of the concentration 
of albumin in Examples is ordered to SRL, Inc. and carried out 
according to Item code 0721 4 (Latex Aggregation Immunoassay) . 
In the assay, those having the albumin concentration of 0.4 mg/L 
or lower, under the detection limit, are subjected to the 
measurement Human Albumin EL ISA Quantitation Kit (Cat No. 
E80-129 ) of BETHYL Inc. Measurement of the concentration of 
p2 -microgloblin is ordered to SRL, Inc. and carried out according 
to Item code 02103 (Latex Aggregation Immunoassay) . 
<Protein analysis by two-dimensional electrophoret ic analysis> 
An original biological component s - containing solution and 
a solution having a changed composition of biological components 
obtained by a method of the inventions are analyzed by 
two-dimensional electrophoret ic analysis. The method is as 
follows . 

1. An equivalent amount of a 80% sucrose solution is added to 
a biological components -separated solution to obtain a sample 
for electrophoresis . 

2. IEF- PAGE mini at pH 3 to 10 and with a thickness of 1 mm 
(manufactured by TEFCO Inc.), which is a commercialized 
isoelectric electrophoret ic gel, is set in an electrophoresis 
tank . 

3. An upper buffer (0.05 M sodium hydroxide) 200 mL and a lower 
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buffer (0.01 M phosphoric acid) 500 mL are set. 

4 . The respective wells are washed with the upper buffer and 20 
\xL of a 10% sucrose solution is put on each well. 

5 . The sample prepared in (1. ) is set under the sucrose solution 
put on each well. 

6 . A cover is put on the electrophoresis tank and an electric 
power is connected to carry out electrophoresis at 100 V for 
30 minutes, at 200 V for 30 minutes, and at 500 V for 60 minutes. 
7. Plastic plates of a gel cassette are peeled to take out the 
gel and the gel is immersed in a 40% acetic acid aqueous solution 
and shaken for 3 0 minutes. 

8 . The gel is dyed for 5 minutes with a dying solution of Coomassie 
Brilliant Blue Dye (CBB dye) and decolorized by a decolorization 
solution (10% methanol, 7.5% acetic acid) to observe bands and 
washed for 3 0 minutes or longer by changing water. 

9. The gel is cut into one lane. 

10. The cut gel piece is immersed in an electrophoresis buffer 
for SDS-PAGE for 10 to 20 minutes to produce equilibrium state. 
The composition of the electrophoresis buffer for SDS-PAGE 
(hereinafter referred to as electrophoresis buffer) is produced 
by adding distilled water to Tris 3.0 g, glycine 14.4 g, and SDS 
1.0 g and adjusting the total volume to be 1000 mL. 

11. A 1 . 5 mm thick - 2 -Dwel 1 (manufacture by TEFCO Inc . ) containing 
4 to 20% SDS-PAGE mini, a commercialized gel for SDS-PAGE, is 
set in an electrophoresis tank. 

12. The electrophoresis buffer is loaded and the well is washed 
with the electrophoresis buffer. 

13. The gel piece obtained in (9.) is shifted carefully while 
formation of air bubbles in the 2 -dimensional SDS-PAGE mini in 
the well is prevented. One \xL of Rainbow marker (manufactured 
by Amersham) , a commercialized molecular weight marker, is put 
on a small well. 

14. The gel is sealed with a 1% agarose/electrophoresis buffer 
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(Bromophenol Blue is added so slightly as to colorize the gel 
noticeable by eye observation at the time of preparation) . 
15, A cover is put of the electrophoresis tank and an electric 
power is connected to carry out electrophoresis at 15 mA for about 
120 minutes (until Bromophenol Blue is shifted to the lower end) . 
16 . The gel is taken out of a gel cassette and dyed with CBB and 
silver dyeing. The silver dyeing is carried out by using a silver 
dyeing II Kit Wako, a commercialized kit, (manufactured by Wako 
Pure Chemical Industries, Ltd.). 

(Example 1) 

Polysulfone (UDEL/ P-3500, manufactured by Solvay Advanced 
Polymers, L.L.C.) 18 part by weight and polyvinylpyrrolidone (K 
30, manufactured by BASF Inc.) 9 part by weight were added to 
a mixed solvent of N,N' -dimethylacetamide 72 part by weight and 
water 1 part by weight and heated at 90°C for 14 hours for 
dissolution to obtain a f ilm-f ormable starting solution. The 
f ilm-f ormable starting solution was jetted out of an outside tube 
of a tube-in orifice type spinneret having an outer diameter of 
0 . 3 mm and an inner diameter of 0.2 mm. As a core solution, a 
solution containing N, N' -dimethylacetamide 58 part by weight 
and water 42 part by weight was jetted out of the inside tube. 
The jetted f ilm-f ormable starting solution was led to 100% water 
after passing to a coagulation bath at a distance of 350 mm from 
the spinneret to obtain a hollow fiber membrane. The structure 
of the obtained hollow fiber membrane was observed by an electron 
microscope (S800, manufactured by Hitachi Ltd.) to find that the 
membrane had an asymmetric structure. Ten thousand hollow fiber 
membranes obtained as- described were inserted in a cylindrical 
plastic case having a dialysis solution inlet and a dialysis 
solution outlet same as a common dialyzer and both end parts were 
sealed with a resin to obtain a hollow fiber membrane module having 
an effective membrane surface area of 1.6 m 2 . After the hollow 
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fiber membrane module was washed with water, y-ray was radiated 
to the module in the state the module was filled with water. The 
dose of the y-ray radiation was 27 kGy. 

The hollow fiber membranes of the module were cut out and 
100 membranes were bundled and both terminal ends were fixed in 
a module case of a glass tube with an epoxy type potting agent 
in a manner that the hollow parts of the hollow fiber membranes 
were not closed to produce a minor-module. The mini -module had 
an outer diameter of about 7 mm and an entire length of about 
17 cm and two ports in the outside of the hollow fibers similarly 
to a common hollow fiber membrane type dialyzer . The hollow fiber 
membranes of the mini-module and the module inside were washed 
with distilled water. 

After that, the mini-module was filled with an aqueous PBS 
solution (Dulbecco PBS (-) , manufactured by DAINIPPON SUMITOMO 
PHARMA) to obtain a hollow fiber membrane mini -module 
(hereinafter, referred to as mini-module (1) for short) . Two 
mini -modules were produced and the comparative permeation ratio 
of the separation membranes was measured by using one of them 
to find that the comparative permeation ratio was 70.5. The 
remaining mini-module was used for the following experiment. 

Human serum (H 1388, Lot 28H8550, manufactured by SIGMA 
Inc.) was centrifuged at 3,000 rpm for 15 minutes to remove 
precipitate and successively filtered by a 0.45 jum filter. 

One of ports in the outside of the mini-module (1) was capped 
and the other port was connected to a Peri-Strat. pump via a 
silicone tube. On the other hand, with respect to a solution in 
the inside of the hollow fiber membranes, the raw solution inlet 
and the raw solution outlet of the module were connected with 
each other through a silicone tube to form a solution circulation 
channel and a Peri-Strat. pump was used to circulate serum therein. 
Further, an inlet for additionally loading PBS was formed in a 
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middle of the solution circulation channel. 

Four mL of serum was filtered at a circulation flow rate 
of 5 mL/min, filtration flow rate of 0.2 mL/min, and 20°C for 
4 hours (this step is the step of fractionating mainly proteins 
larger than albumin) . The flow rate of the circulated solution 
was kept constant by adding PBS to the serum. The filtrate 
obtained for 4 hours, that is, a solution having a changed 
composition of biological components was 52.5 mL and had an 
albumin concentration of 61 mg/L, an .1-microgloblin 
concentration of 0.4 mg/L, p2 -microgloblin concentration of 0 . 066 
mg/L. The total protein concentration of the used human serum 
was 53,000 mg/L, the albumin concentration was 33,000 mg/L, the 
.1-microgloblin concentration was 16.5 mg/L, and p2 -microgloblin 
concentration was 1.17 mg/L and considerable decrease of the 
albumin concentration was observed. 

The total protein concentration in the solution was 
measured by Micro BCA Protein Assay (manufactured by PIERCE Inc . ) 
and using BSA for a calibration curve. The total protein 
concentration in the filtrate was 275 mg/L and the ratio of the 
concentration of albumin to that of the total proteins was 0.22. 
The ratio of the 02 -microgloblin concentration to the total 
protein concentration in the filtrate was 0 . 00024 while the ratio 
in human serum was 0.0000223 and the former was increased 
10.8 times as much as the latter. 
(Example 2) 

Polysulfone (UDEL P-3500, manufactured by Solvay Advanced 
Polymers, L.L.C.) 18 part by weight and polyvinylpyrrolidone (K 
30, manufactured by BASF Inc.) 9 part by weight were added to 
a mixed solvent of N,N' -dimethylacetamide 72 part by weight and 
water 1 part by weight and heated at 90°C for 14 hours for 
dissolution to obtain a f ilm-f ormable starting solution. The 
f ilm- f ormable starting solution was jetted out of an outside tube 
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of a tube -in orifice type spinneret having an outer diameter of 
0. 3 mm and an inner diameter of 0.2 mm. As a core solution, a 
solution containing N, N' -dimethylacetamide 58 part by weight 
and water 42 part by weight was jetted out of the inside tube. 
The jetted f ilm-f ormable starting solution was led to 100% water 
after passing to a coagulation bath at a distance of 350 mm from 
the spinneret to obtain a hollow fiber membrane. The structure 
of the obtained hollow fiber membrane was observed by an electron 
microscope (S800, manufactured by Hitachi Ltd.) to find that the 
membrane had an asymmetric structure. Ten thousand hollow fiber 
membranes obtained as described were inserted in a cylindrical 
plastic case having a dialysis solution inlet and a dialysis 
solution outlet same as a common dialyzer and both end parts were 
sealed with a resin to obtain a hollow fiber membrane module having 
an effective membrane surface area of 1.6 m 2 , An aqueous solution 
containing 0.1% by weight of a polyethylene imine as a cationic 
hydrophilic polymer (weight average molecular weight 1,000,000, 
manufactured by BASF Inc.) was packed in the inner face side and 
the outer face side of the hollow fiber membranes of the hollow 
fiber membrane module. After that, y~ ra y was radiated to the 
module. The dose of the y-ray radiation was 27 kGy. The hollow 
fiber membranes of the module were cut out and 100 membranes were 
bundled and both terminal ends were fixed in a module case of 
a glass tube with an epoxy type potting agent in a manner that 
the hollow parts of the hollow fiber membranes were not closed 
to produce a mini-module. The mini-module had an outer diameter 
of about 7 mm and an entire length of about 17 cm and two ports 
in the outside of the hollow fibers similarly to a common hollow 
fiber membrane type dialyzer. The hollow fiber membranes of the 
mini-module and the module inside were washed with distilled water 
After that, the mini-module was filled with an aqueous PBS 
solution (Dulbecco PBS (-) , manufactured by DAINIPPON SUMITOMO 
PHARMA) to obtain a polyethylene imine-fixed hollow fiber 
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membrane mini-module (hereinafter, referred to as mini-module 
(2) for short) . Two mini -modules were produced and the 
comparative permeation ratio of the separation membrane was 
measured by using one of them to find that the comparative 
permeation ratio was 400 . The remaining mini-module was used for 
the following experiment . 

Human serum (H 1388, Lot 28H8550, manufactured by SIGMA Inc.) 
was centrif uged at 3 , 000 rpm for 15 minutes to remove precipitate 
and successively filtered by a 0.45 urn filter. 

At first, a hollow fiber membrane mini-module same as that 
in Example 1 (the mini -module 1) was prepared and one of ports 
in the outside of the follow fibers was capped and the other port 
was connected to a silicone tube. With respect to a solution in 
the inside of the hollow fiber membranes, the raw solution inlet 
and the raw solution outlet were connected with each other through 
a silicone tube to form a solution circulation channel and a 
Peri-Strat. pump was used to circulate a raw solution therein. 
A three-way valve was installed in a middle of the solution 
circulation channel and an injection pump was installed via a 
tube in one side. Further, also in the mini-module (2), one of 
ports in the outside of the follow fibers was capped and the other 
port was connected to a silicone tube. With respect to a solution 
in the inside of the hollow fiber membranes in this mini-module, 
the raw solution inlet and the raw solution outlet were connected 
with each other to form a solution circulation channel and a 
Peri-Strat. pump was installed in a middle of the circulation 
channel to circulate a raw solution therein. A three-way valve 
was also installed in a middle of the solution circulation 
channel . 

The silicone tube connected to the port in the outside of 
the mini-module (1) and the three-way valve installed in the 
middle of the solution circulation channel of the mini-module 
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(2) were joined. Then, these tubes and two modules were filled 
with PBS to produce a system comprising two mini -modules connected 
to each other in series as shown in Fig. 2. Herein, use of the 
mini-module (1) is for a step of fractionating proteins with a 
molecular weight equal to or higher than albumin and use of the 
mini-module (2) is for both steps of adsorbing and fractionating 
proteins with a molecular weight equal to or higher than albumin. 

Serum was loaded though tubes by the injection pump and 
filtration was carried out at a circulation flow rate of 5 mL/min, 
filtration flow rate of 0 . 2 mL/min, and 20°C for 4 hours in the 
respective solution circulation channels of the mini -modules (1) 
and (2) . At that time, the flow rate of the circulated solution 
was kept constant by adding PBS in an amount equivalent to that 
of the filtered solution. 

After 4 hours, the filtrate obtained from the module (2) , 
a solution having a changed composition of biological components, 
had an albumin concentration of 0.62 mg/L, the .1 -microgloblin 
concentration of 0.036 mg/L, 32 -microglobl in concentration of 
0.05 mg/L. The total protein concentration of the used human 
serum was 53,0 00 mg/L, the albumin concentration was 33,000 mg/L, 
the .1-microgloblin concentration was 16.5 mg/L, and 
|32 -microgloblin concentration was 1.17 mg/L and considerable 
decrease of the albumin concentration was observed. The total 
protein concentration in the filtrate was 8.1 mg/L and the ratio 
of the concentration of albumin to that of the total proteins 
was 0.08. The ratio of the p2 -microgloblin concentration to the 
total protein concentration in the filtrate was 0.00617 while 
the ratio in human serum was 0.0000223 and the former was increased 
277 times as much as the latter. 

The results of the analysis of the obtained sample by 
two-dimensional electrophoresis are shown in Fig. 7. 

Fig. 7 shows a two-dimensional electrophoresis photograph 
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of a concentrated solution obtained using 300 |^L of the solution 
having a changed composition of biological components produced 
in Example 2. As being understood from Fig. 7, many independent 
spots are observed in the range indicating a molecular weight 
of less than 60,000. The sample obtained by separation using the 
device has a large number of spots in a low molecular weight region . 
(Comparative Example 1) 

Two-dimensional electrophoretic analysis was carried out 
using human serum before separation as a comparative sample. Fig. 
8 shows the results. Fig. 8 is a two-dimensional electrophoresis 
photograph of 0.5 jiL of human serum before the treatment carried 
out in Example 2 as a sample. In Fig. 8, the spots are distributed 
in a broad range and substances can not be specified and at the 
same time, few spots are observed in a low molecular weight region. 
(Example 3) 

Both ends of resin adhesion portions of Dialyzer BS 1.8 
1 (Lot. 20440312, manufactured by Toray Industries, Inc.) were 
cut to obtain hollow fiber membranes . The hollow fiber membranes 
had an inner diameter of 200 (am and a membrane thickness of 4 0 
\xm and the structure of the hollow fiber membranes was found 
asymmetric by observation of an electron microscope (S800, 
manufactured by Hitachi Ltd.) 

The hollow fiber membranes in a number of 100 were bundled 
and both terminal ends were fixed in a module case of a glass 
tube with an epoxy type potting agent in a manner that the hollow 
parts of the hollow fiber membranes were not closed to produce 
a minor-module. The mini -module had an inner diameter of about 
5 mm and an entire length of about 17 cm and two ports (blood 
ports) in the inside of the hollow fiber membranes and two ports 
(dialyzed solution ports) in the outside of the hollow fibers 
similarly to a common hollow fiber membrane type dialyzer. The 
hollow fiber membranes of the mini -module and the module inside 
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were washed with distilled water. After that, the mini-module 
was filled with an aqueous PBS solution (Dulbecco PBS (-), 
manufactured by DAINIPPON SUMITOMO PHARMA) to obtain a hollow 
fiber membrane mini -module (hereinafter, referred to as 
mini -module (3) for short) . Two mini -modules (3) were produced 
and the comparative permeation ratio of the separation membrane 
was measured by using one of them to find that the comparative 
permeation ratio was 149. The remaining mini -module was used for 
the following experiment . 

Human serum (H 13 88, Lot 122K0424, manufactured by SIGMA 
Inc.) was centrifuged at 3,000 rpm for 15 minutes to remove 
precipitate and successively filtered by a 0.45 jwm filter. 

Between the ports in the outside of the mini -module (1) , 
the lower port 106 in the module was capped and the upper port 
was set to be a treated solution recovery port 104 of the membrane 
separation unit. The solution in the inside of the hollow fiber 
membranes was enabled to circulate in a solution circulation 
channel 102 formed by connecting the raw solution inlet and outlet 
through a silicone tube and installing a Peri-Strat. pump as a 
circulation pump 103 in the middle. Also a three-way valve 101 
was installed in the middle of the solution circulation channel 
102 and an injection pump 103 is installed in one side of the 
three-way valve 101. 

Four mL of serum was added at 1 . 0 mL/min by the injection 
pump and filtered at a circulation flow rate of 10 mL/min, 
filtration flow rate of 1 . 0 mL/min, and 20°C for 50 minutes. At 
that time, the flow rate of the circulated solution was kept 
constant by adding PBS at a low rate of 1 . 0 mL/min, which is the 
quantity equivalent to the quantity of the filtered solution 
passing the membranes, to the circulation channel. The amount 
of the filtrate solution obtained for 50 minutes was about 50 
mL and the solution had an albumin concentration of 32.8 mg/L, 
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an .1-microgloblin concentration of 0.06 mg/L, and a 
p2 -microgloblin concentration of 0.068 mg/L, and on the other 
hand, the total protein concentration of the human serum used 
as the raw solution was 48,000 mg/L, the albumin concentration 
was 29 , 800 mg/L, the .1 -microgloblin concentration was 13 . 2 mg/L, 
and the P2 -microgloblin concentration was 1.27 mg/L. The total 
protein amount in the human serum used as the raw solution was 
192,000 jag/ the albumin amount 119,000 jug; the ,1-microgloblin 
amount 52.8 |ag; and the p2 -microgloblin amount 5.0 8 jxg and on 
the other hand, the total protein amount in the filtrate was 56, 000 
(.ig; the albumin amount 1,640 |ag; the. 1 -microgloblin amount 3.00 
|ng; and the p2 -microgloblin amount 3 .40 pg and accordingly, while 
the p2 -microgloblin amount was maintained, a large quantity of 
albumin was removed. Based on the results, the ratio of the 
concentration of albumin to that of the total proteins was found 
to be 0 . 15 . Also, the ratio of the P2 -microgloblin concentration 
to the total protein concentration in the filtrate was 0.00613 
while the ratio in human serum was 0.0000265 and the former was 
increased 23 times as much as the latter. 
(Example 4 and Comparative Example 2) 

One mini -module was produced using hollow fiber membranes 
(comparative permeation ratio 149) obtained in Example 3. The 
shape and the number of the mini -module were same as those of 
the mini-module in Example 3. Hereinafter, the mini-module is 
named as mini-module (4) . Also, two mini-modules (hereinafter 
referred to as mini-module (s) (5) for short) were produced in 
the same manner as Example 1 by fixing 40 hollow fiber membranes 
(comparative permeation ratio 149) obtained in Example 3 in a 
module case of a glass tube with an inner diameter of about 5 
mm and a length of about 12 cm. These mini -modules were used for 
the following experiment. 

Human serum (H1388, Lot 122K0442, manufactured by SIGMA) 
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was centrif uged at 3 , 000 rpm for 15 minutes to remove precipitates 
and then filtered with a 0.45 jam filter. 

At first, one mini -module (4) was prepared and one of 
outside ports was capped and the other port was connected to a 
silicone tube. With respect to a solution in the inside of the 
hollow fiber membranes, the raw solution inlet and the raw 
solution outlet were connected with each other through a silicone 
tube to form a solution circulation channel and a Peri-Strat. pump 
was installed in the channel to circulate a raw solution therein. 
A three-way valve was installed in a middle of the solution 
circulation channel and an injection pump was installed in one 
side of the three-way valve. Further, also in one of the 
mini-modules (5) , one of outside ports was capped and the other 
port was connected to a silicone tube. Also, with respect to a 
solution in the inside of the hollow fiber membranes in this 
mini-module (5) , the raw solution inlet and the raw solution 
outlet were connected with each other to form a solution 
circulation channel and a Peri-Strat. pump was installed in the 
channel to circulate the solution therein. A three-way valve was 
also installed in a middle of the solution circulation channel. 
The resulting mini-module was used as a membrane separation unit 
in the second stage. Further, one of outside ports of the other 
mini -module (5) was capped and the other port was connected to 
a silicone tube. Also, with respect to a solution in the inside 
of the hollow fiber membranes in this second mini-module (5) , 
the raw solution inlet and outlet were connected with each other 
to form a solution circulation channel and a Peri-Strat. pump was 
installed in the channel to circulate the solution therein. 
Further, a three-way valve was also installed in a middle of the 
solution circulation channel. The resulting mini-module was 
used as a membrane separation unit in the third stage. The 
silicone tubes connected to the ports in the outsides of the 
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respective mini -modules were connected successively to the 
three-way valves of the next membrane separation units and PBS 
was loaded into the entire body of the separation system to produce 
the separation system comprising the membrane separation units 
in three stages as shown in Fig. 3. 

Fig. 3 is a schematic view of the separation system used 
in the Example. The flow of the solution is shown with an arrow. 
Serum and a diluting solution (PBS) were introduced into the 
solution circulation channel 102 via the three-way valve 101 from 
the inj ect ion pump 100, further sent by the circulation pump 103, 
injected into the first separation membrane module 105 (the 
mini-module (4)) and circulated in the solution circulation 
channel 102 . The solution obtained in the first membrane 
separation unit was taken out of the treated solution recovery 
port 104 of the membrane separation unit . Next, the solution was 
led to the membrane separation unit in the second stage, injected 
into the separation membrane module 205 in the second stage (the 
first mini-module (5) ) , and circulated in the solution 
circulation channel 202 in the second stage by the circulation 
pump 203 in the second stage. The solution passed through the 
separation membrane module 205 in the second stage of the second 
membrane separation unit was taken out of the treated solution 
recovery port 204. Further, the solution was led to the third 
membrane separation, injected into the separation membrane 
module 305 in the third stage (the second mini-module (5) ) , and 
circulated. The solution passed through the third separation 
membrane module was taken out of the treated solution recovery 
port 304. 

The detailed conditions were as follows. After 4 mL of 
serum was added at 0.2 mL/min to the membrane separation unit 
in the first stage, filtration was carried out by circulating 
the solution at a flow rate of 5.0 mL/min and a filtrate flow 
rate of 0 . 2 mL/min in common in the membrane separation unit in 
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the first stage, the membrane separation unit in the second stage, 
and the membrane separation unit in the third stage at 20°C for 
4 hours. At that time, the amount of the circulated solution was 
kept constant by adding PBS in an amount equivalent to that of 
the filtered solution at 0.2 mL/min to the first membrane 
separation unit via the injection pump 100. The amount of the 
solution obtained for 4 hours was about 47 mL . The solution was 
concentrated to 4 mL by using Vivaspin 2 0 (3000 MWCO type) , 
manufactured Sartorius K.K. and the concentrated solution had 
an albumin concentration of 0.38 mg/L, a (32 -microgloblin 
concentration of 0.583 mg/L and on the other hand, the total 
protein concentration in the human serum used as the raw solution 
was 49,000 mg/L/ the albumin concentration 31,200 mg/L/ and the 
(32 -microgloblin concentration 1 . 19 mg/L . While the amount of the 
total proteins in the human serum used as the raw solution was 
196, 000 jug; the albumin amount 124 , 800 \xg / and the 02 -microgloblin 
amount 4.76 jag, the amount of the total proteins in the filtrate 
was 100 jag/ the albumin amount 1.5 M<g/ and the 02 -microgloblin 
amount 2.3 pg and thus, while 02 -microglobrin amount was kept 
high, a considerable amount of albumin was removed. Based on 
these results, it is found that the ratio of albumin in the total 
proteins was 0.02. Also, the ratio of the 02 -microgloblin 
concentration to the total protein concentration in the filtrate 
was 0.0307 while the ratio in human serum was 0.0000243 and the 
former was increased 1,263 times as much as the latter. 

The sample was concentrated by using Vivaspin 500 (3000 
MWCO type) , manufactured Sartorius K.K. until the volume of the 
sample became 1/10 and an equivalent amount of a sample buffer 
(produced by adding a proper amount of distilled water to 0 . 5 
M Tris -hydrochloride (pH 6.8) 0.5 mL, glycerol 0.4m, 10% SDS 
0.8 mL, and 0.1% Bromophenol Blue 0 . 1 mL and adjusting the total 
volume to be 10 mL) was added and the resulting solution was heated 
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for 3 minutes in a boiling water and 25 juL of the solution was 
subjected to the electrophoret ic analysis . The results are shown 
in S3 lane in Fig. 6. Rainbow Marker, a commercialized molecular 
weight marker (RPN 756, manufactured by Amersham Biosciences) 
was set in SI lane; and for comparison, a solution obtained by 
adding a sample buffer to the human serum (equivalent to 0.02 
p,L) before the treatment by the separation system of Example 4 
and heated for 3 minutes in boiling water was put in S2 lane and 
these samples of SI and S3 lane were simultaneously subjected 
to electrophoresis and the results are shown together in Fig. 
6 . 

As being understood from the S2 lane, human serum contains 
a large quantity of proteins in the region of 60,000 or higher 
molecular weight and a small quantity of proteins in the region 
of 15,000 or higher molecular weight . On the other hand, as being 
under stood from the S3 lane, the concentrated solution of the 
filtrate of Example 4 treated by the separation system contains 
a small quantity of proteins in the region of 60,000 or higher 
molecular weight and a large quantity of proteins in the region 
of 15,000 or higher molecular weight. 
(Example 5) 

The hollow fiber membranes produced in Example 1 were cut 
of the module before radiation of y-ray to prepare 100 hollow 
fiber membranes. The hollow fiber membranes were dried at 50°C 
and 13% relative humidity for 24 hours. Both terminal parts of 
the resulting hollow fiber membranes were fixed in a module case 
of a glass tube with an epoxy type potting agent in the same manner 
as Example 4 to produce a minor-module. The hollow fiber 
membranes and the inside of the mini -module were washed with water 
and then filled with an aqueous PBS solution (Dulbecco PBS (-) , 
manufactured by DAINIPPON SUMITOMO PHARMA) to obtain a hollow 
fiber membrane mini -module for concentration (hereinafter, 
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referred to as mini -module (6)). 

Further, one of ports in the outside of the mini-module 
(6) was capped and the other port was used as a filtrate outlet. 
The solution in the inside of the hollow fiber membranes was 
enabled to circulate in a solution circulation channel by 
connecting the raw solution inlet an outlet of the module were 
connected with each other through a silicone tube and using a 
Peri-Strat. pump. Also a three-way valve was installed in a 
middle of the solution circulation channel. The obtained module 
was used as a concentration membrane unit. 

A separation unit comprising three-stage membrane 
separation units used in Example 4 was newly produced. The 
treated solution recovery port of the mini -module in the third 
stage and the three-way valve of the concentration membrane unit 
were connected each other through a silicone tube. Further, a 
treated solution recovery port of the concentration unit 
comprising a three-way valve was formed in a middle of the solution 
circulation channel and during the concentration, only the 
solution circulation channel was opened. The entire body of the 
system was filled with PBS to produce a compounded system 
comprising the membrane separation unit for fractionating 
proteins with a molecular weight equal to or higher than that 
of albumin by molecular sieving and the unit for concentrating 
proteins bonded directly to the separation unit. 

Fig. 4 shows a schematic drawing (an example of a membrane 
separation unit and a concentration unit) of the separation unit 
used in Example 5 . The solution flow is shown as an arrow. Serum 
and a diluting solution (PBS) are injected into the solution 
circulation channel 102 by the injection pump 100 via the 
three-way valve 101, sent further by the circulation pump 103, 
injected into the first separation membrane module 105 (the 
mini-module (4)), and circulated in the solution circulation 
channel 102 . The solution treated in the first membrane 
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separation unit is obtained through the treated solution recovery 
port 104 of the membrane separation unit. Next, the solution is 
injected into the second separation membrane module 205 (the first 
mini-module (5) ) , and circulated in the second-stage circulation 
channel 202. The solution treated in the second membrane 
separation unit is obtained through the treated solution recovery- 
port 204 of the membrane separation unit in the second stage. 
Further, 

the solution is injected into the third separation membrane 
module 305 (the second mini-module (5)) , and circulated in the 
third-stage circulation channel 302 . The solution treated in the 
third membrane separation unit is obtained through the treated 
solution recovery port 304. Further, the solution is injected 
into the concentration membrane module 405 (the mini-module (6) ) 
and circulated in the circulation channel 402 of the concentration 
unit . At that time , the solution passed through the concentration 
module is taken out of the filtrate outlet 404 of the concentration 
unit and discarded. On completion of the operation of the 
filtration and concentration, the solution remaining in the 
circulation channel 402 of the concentration membrane module is 
taken out by opening the treated solution recovery port 407 of 
the concentration unit. 

Practical conditions were as follows. After 1 mL of serum 
was added at 0.2 mL/min to the membrane separation unit in the 
first stage, it was circulated at a flow rate of 5.0 mL/min in 
common in the respective solution circulation channels of the 
first -stage membrane separation unit, the second- stage membrane 
separation unit, and the third-stage membrane separation unit 
and filtration is carried out at a filtrate flow rate of 0 . 2 mL/min 
in common in the respective modules and 20°C for 4 hours. At that 
time, the amount of the circulated solution in the respective 
separation units and the concentration unit was kept constant 
by adding PBS in an amount equivalent to that of the filtered 
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solution at 0.2 mL/min by the injection pump 100. The 
concentration of albumin of the solution taken through the valve 
407 after 4 hour operation was 0.490 mg/L and the concentration 
of p2 -microgloblin concentration was 0.502 mg/L and on the other 
hand, the total protein concentration in the human serum used 
as the raw solution was 49,000 mg/L; the albumin concentration 
31,200 mg/L; and the P2 -microgloblin concentration 1.19 mg/L. 
The amount of the total proteins in the human serum used as the 
raw solution was 196,000 fig; the albumin amount 124,800 \ig; and 
the p2-microgloblin amount 4.76 yig , and on the other hand the 
amount of the filtrate was 3 . 7 mL, the albumin amount was 1 . 81 pg; 
and the p2 -microgloblin amount was 1.86 |jg and thus, while 
P2-microglobrin amount was kept high, a considerable amount of 
albumin was removed. Based on these results, it is found that 
the ratio of albumin in the total proteins was 0.0297. Also, the 
ratio of the p2 -microgloblin concentration to the total protein 
concentration in the filtrate was 0.0304 while the ratio in human 
serum was 0.0000243 and the former was increased 1,253 times as 
much as the latter. 
(Comparative Example 3) 

Using a separation system comprising a commercialized plane 
membrane (using a polyether sulfone membrane) , 4 . 7 mL of serum 
diluted to 1/4 concentration with PBS was filtered. 

The concentration of albumin was 5755 mg/L and the 
concentration of p2-microgloblin concentration was 0.534 mg/L 
and on the other hand, the concentration of albumin in the human 
serum used as the raw solution was 128 . 5 mg and the concentration 
of p2 -microgloblin was 0.446 mg/L. In the human serum used as 
the raw solution, the amount of albumin was 27,049 \xg and the 
amount of p2 -microgloblin was 2.51 jag, and on the other hand in 
the filtrate, the amount of albumin was 578 jig and the amount 
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of p2 -microgloblin amount was 2.01 |ug . The comparative 
permeation ratio of P2 -microgloblin to albumin (here, the 
permeation ratio was defined as the value calculated by dividing 
the concentration in the filtrate by the concentration in the 
raw solution and the comparative permeation ratio was calculated 
by diving the permeation ratio of 02 -microgloblin by the 
permeation ratio of albumin) was as low as 40 . The concentration 
ratio of albumin was as high as 0.32. 
(Example 6) 

A compounded system was produced in the same manner as 
Example 5, except that the hollow fiber membranes used in the 
mini -module (2) of Example 2 were used in place of the hollow 
fiber membranes disposed in the mini-module (6) of Example 5. 

Similarly to Example 5, 1 mL of serum was treated and the 
solution recovered through the treated solution recovery port 
407 for 4 hours had an albumin concentration of 0.3 mg/L and a 
p2-microgloblin of 0.515 mg/L and the concentration of the total 
proteins in human serum used as the raw solution was 49,000 mg/L; 
the concentration of albumin was 31,200 mg/L; and the 
concentration of 02 -microgloblin was 1.19 mg/L. The amount of 
the total proteins in the human serum used as the raw solution 
was 196,000 \ig ; the albumin amount 124,800 jag; and the 
P2-microgloblin amount 4.76 |ug, and on the other hand the amount 
of the filtrate was 3.8 mL, the albumin amount was 1.141 \ig ; and 
the P2-microgloblin amount was 2.0 jug and thus, while 
p2-microglobrin amount was kept high, a considerable amount of 
albumin was removed. Based on these results, it is found that 
the ratio of albumin in the total proteins was 0.02. Also, the 
ratio of the p2 -microgloblin concentration to the total protein 
concentration in the filtrate was 0.0343 while the ratio in human 
serum was 0.0000243 and the former was increased 1,414 times as 
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much as the latter. 

[Industrial Applicability of the Inventions] 

According to a method or a preparation apparatus of the 
inventions, a biological components -containing solution with 
which analysis precision can be improved can obtained and the 
solution is preferable as a sample for proteome analysis in 
medical and pharmaceutical investigations and clinical work 
fields . 
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